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Review 



Molecular events in uterine cervical cancer 



Shirley A Southern, C Simon Herrington 



Objective; To review the literature regarding the molecular events which occur in the develop- 
ment of uterine cervical cancer, with particular reference to human papillomavirus (HPV) infec- 
tion. 

Methodology: Bibliographic searches of Medline and the ISI citation databases using appropri- 
ate keywords, including the following: papillomavirus, cervix, pathology, cyclin, chromosome, 
heterozygosity, telomerase, smoking, hormones, HLA, immune response, HIV, HSV, EBV. 
Conclusions: It has become dear that most cervical neoplasia, whether intraepithelial or inva- 
sive, is attributable in part to HPV infection. However, HPV infection alone is not sufficient, and, 
in a small proportion of cases, may not be necessary for malignant transformation. There is 
increasing evidence that HPV gene products interfere with cell cycle control leading to secondary 
accumulation of small and large scale genetic abnormalities. This may explain the association of 
viral persistence with lesion progression but, in many patients, secondary factors, such as smok- 
ing and immune response, are clearly important. However, the mechanisms involved in the inter- 
action between HPV and host factors are poorly understood. 
(Sec Tmmm Inf 1998;74:101-109) 
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Introduction 

Human papillomaviruses (HPV) have been 
identified as the major aetiological factor in 
cervical carcinogenesis* 1 Epidemiological evi- 
dence indicates that the majority of cervical 
neoplasia is attributable to HPV infection but, 
although certain HPV genes are capable of 
immortalisation and can cooperate in the proc- 
ess of transformation, not all non-invasive 
lesions progress to the full malignant pheno- 
type indicating that other cofactors arc 
required.' This review considers the molecular 
biology of cervical neoplasia, particularly mat 
of the HPVs, the interaction of HPVs with epi- 
thelial cells, and the influence of possible asso- 
ciated cofactors. The combination of such fac- 
tors leads to a consortium of molecular events 
involved in the evolution of intraepithelial and 
invasive disease (see fig 1). 

Human papillomaviruses and cervical 
neoplasia 

VIRAL STRUCTURE 

Papillomaviruses are small DNA viruses ap- 
proximately 55 nra in diameter. Mature viral 
particles have an icosahedral outer capsid coat 
composed of two structural proteins. One of 
these (the LI protein) comprises 80% of the 
total viral protein and has a relative molecular 
mass (M,) of 53 000-59 000. The other (the 
L2 protein) is a minor component, and has a 
M, of 70 000. Contained within the capsid is 
the viral genome which is a double stranded 
circular DNA approximately 7.9 kilobases (kb) 
in length.' The molecular organisation is simi- 
lar for all 78 different types of HPV which have 
so far been isolated. Each genome can be 
divided into early (£) and late (L) regions, 
containing seven early and two late open read- 
ing frames (ORFs), and a non-coding region, 
referred to as the upstream regulatory region 
(URR). Expression of the early genes occurs at 



the onset of infection, and the products of these 
genes mediate specific functions controlling 
viral replication and, in the case of the 
oncogenic viruses, cellular transformation. The 
El gene is involved in- viral replication and 
genome maintenance. 4 The E2 gene is a 
transcriptional regulator 9 and is also involved in 
viral DNA replication. 4 The E4 gene encodes 
several proteins which disrupt the cytoplasmic 
keratin network.* This produces the classic 
cytoplasmic halo effect known as koilocytosis. 
The E5 gene may play a role in cellular trans- 
formation by hs interactions with cell mem- 
brane growth factor receptors, 7 The E6 and E7 
genes, which lie irnmediatery downstream of 
the URR, encode the major transfbnning pro- ' 
teins which are capable, under appropriate 
conditions, of inducing cell proliferation, im- 
mortalisation, and transformation. 1 Finally, the 
LI and L2 ORFs encode for the viral protein 
coat and are activated towards the final stages 
of the viral cycle, and hence within superficial, 
terminally differentiated cells.* The LI gene is 
frequently used for HPV typing* 10 and encodes 
the common papillomavirus antigen which is 
targeted by antibodies used in the imrnuno- 
histochemical detection of productive HPV 
infection. 

CLASSIFICATION OF HPVS 

HPVs were originally classified according to 
their degree of solution phase homology. 11 With 
the advent of widespread polymerase chain 
reaction (PGR) amplification and sequencing, 
classification is now usually based on partial 
sequencing of 399 bp in the E6 region and/or 
291 bp in the LI region of the virus. 12 A new 
HPV type is assigned when there is less than 
90% homology with other previously typed 
HPVs, a subtype being 90-98% homologous 
and a variant >98%. 12 A number of phyloge- 
netic trees have been generated using this 
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Figure I Schematic oyervino of the human papiBomxmvs (HPV) atwriated molecular 
events involved Hi cervical carcinogenesis (CJN — cervical intraepithelial neoplasia). 

system but a more recent classification of 
HFVs based on clinicopathological associa- 
tions as well as genetic structure gives a better 
view of both functional and genetic 
properties. 1 ' This system provides a more 
robust basis for the investigation of clinical 
associations and biological properties of these 
viruses. For example, recent studies have dem- 
onstrated not only mat HPV 16 variants are 
widely prevalent in cervical cancers 14 but also 
that such variants differ in their ability to inter- 
act with host cell mechanisms. 15 

CLINICAL ASSOCIATIONS OF HPV GENOTYPES 

Molecular cloning of viral nucleic adds* ampli- 
fication by PCR and sequencing have demon- 
strated over 78 different HPV genotypes, at 
least 30 of which have been detected in the 
genital tract, 11 u These HPVs have been 
divided into low, intermediate, and high risk 
types according to their segregation with the 
different grades of intraepithelial and invasive 
disease. Low risk HPV types (for example, 
HPV 6, 11, 40, 42, 43, 44) are usually 
associated with benign exophytic genital wans. 
HPV 6 and 1 1 axe present in over 90% of con- 
dylomas, with about two thirds of these 
containing HPV 6 and one third HPV 1 1 . They 
are also associated with low grade squamous 
intraepithelial lesions (SILs) (wart virus 
change and ON 1) but are only rarely found in 
high grade SILs (CIN 2 and 3) and invasive 
carcinomas. By contrast, intermediate (par- 
ticularly HPV 31, 33, 39, 52, and 58) and high 
risk (HPV 16, 18, 45, and 56) HPV types are 
associated with "flat" condylomas, all grades of 
SILaod invasive carcinoma.' 1 11 The concept of 
high, intermediate, and low risk HPV is 
supported by many epidemiological case con- 
trolled studies which have collectively shown a 
consistent association between high and inter- 



mediate risk HPV and high grade cervical dis>_ 
ease. In a worldwide study of more than 1000 
specimens from patients with invasive cervical 
cancer HPV DNA was identified in 93% of 
tumours. HPV 16 was present in 50% of the 
specimens, HPV 18 in 14%, HPV 45 in 8%, 
and HPV 31 in 5%. Id squamous cell tumours 
HPV 16 prcdonunated (51%) but HPV 18 was 
the commonest type found in adenocarcino- 
mas (56%) and adenpsquamous tumours 
(39%)." Another study involving cervical 
specimens from 2627 women showed HPV 
present in 79.3% of women with definite cervi- 
cal neoplasia (627 of 791) and in 23.7% of 
patients with borderline atypia. Low risk HPV 
(HPV 6, 11, 42, 43, and 44) was present in 
20,2% (76 of 377) of low grade lesions but 
absent in all cancers. Intermediate risk HPV 
(HPV 31, 33, 35, 51, 52, and 58) was detected 
in 23.8% (62 of 261) of high grade lesions but 
in only 10.5% (1 6 of 1 53) cancers. HPV 1 6 was 
associated with 47.1% of both high grade SILs 
(123 of 261) and cancers (72 of 153) and HPV 
1 8, 45, and 56 were found in 26.8% (41 of 1 53) 
of invasive carcinomas but only 6.5% (17 of 
261) of high grade SIL." 

The risk of progression from low grade to 
high grade SLL is greater in patients with 
persistent HPV infection, 10 11 and in those with 
high viral load 20 suggesting that prolonged 
exposure to viral effects is important in the 
pathogenesis of cervical disease. Whether this 
is related to viral factors, such as sequence 
variation, or is a reflection of host factors, such 
as immune status, remains to be determined. 

Recently, a PCR based method for determin- 
ing clonality has shown a strong correlation 
between HPV type and clonal status. Morpho- 
logically low grade SILs could be classed into 
two biologically distinct lesions. That associated 
with HPV types 16, 18, 31, 33, 35, 39, 45, 56, 
58, or 65 was monoclonal indicating clonal 
expansion of infected keratinocytes, while that 
associated with other HPV types was polyclonal 
and probably represents non-neoplastic virally 
induced proliferation. 12 Whether the distinction 
between monoclonal and polyclonal HPV infec- 
tion gives information additional to morphology 
and HPV type remains to be determined. 

PATHOLOGY OF HPV INFECTION 

HPVs are epitheliotropic by nature, infecting 
the cervical squamous epithelium possibly 
through small abrasions in the tissue. The 
ensuing virus life cycle is then closely linked to 
keratinocyte differentiation. In the proliferating 
basal epithelial cells, thought to be the site of 
initial infection, the viral genome is maintained 
as a low copy episome." As the keratinocyte 
undergoes progressive differentiation, viral 
genome amplification and gene expression 
increase until late U L" gene expression and 
virion production occur in the terminally 
differentiated superficial cells. This form of 
infection leads to koilocytosis, nuclear enlarge- 
ment, dyskeratosis, mulunucleauon, and in 
some cases low grade SIL. Such lesions may 
regress, persist, or progress. 

A second form of infection (non-permissive 
transformable infection) occurs when viral 
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replication and vegetative viral production does 
j, not occur and may be found in both squamous 

and glandular tissue; infection of reserve cells 
which are committed to glandular differentia- 
tion and which do not allow permissive 
infection results in either aborted or non- 
permissive transformable infection. Viral DNA 
persists as cither an extrachromosomal element 
or by integration into the host DNA as a single 
copy or multiple head to tail tandemry repeated 
copies at many chromosomal fragile sites." 
The site of integration into the host genome 
does not appear to be consistent, although late 
replicating regions arc targeted, 29 suggesting 
that structural and functional factors may be 
important The viral breakpoint is more 
consistent as integration often causes disrup- 
tion of the viral £2 gene in a manner that 
results in loss of function. 16 Moreover, disrup- 
tion of either -the El or E2 gene can lead to 
enhanced immortalisation capacity." Viral in- 
tegration also precludes late gene expression, 
even if the late genes are retained in the 
integrated viral genomes." The mechanisms of 
viral integration are not well understood, 
although it has been demonstrated that expres- 
sion of £6 or £7 of HPV 16 increases integra- 
tion of foreign DNA compared with HPV 6 or 
1 \ n : this is consistent with the observation that 
viral integration is rare in lesions infected with 
low risk HPVs, 

Viral integration with associated disruption 
of the £2 gene and consequent removal of 
transcriptional repression is one mechanism of 
upregulation of E6/E7 expression. However, in 
one study, integration of HPV 16 was associ- 
ated with increased stability of E67E7 mRNA 
suggesting that alternative pathways may 
occur. 90 Moreover, cpisomal viral DNA is 
frequently present and amplified in cervical 
carcinomas,' 1 ** and this amplification is de- 
pendent on retention of intact £1 and E2 genes 
in these lesions.' 1 It has therefore been 
suggested that HPV amplification may provide 
an alternative mechanism for the upregulation 
of early gene expression in some tumours. 
These effects are clearly important in the proc- 
ess of squamous cell transformation as E6 and 
E7 expression is required for maintenance of 
the transformed phenotype." M 

Several cellular transcriptional control fac- 
tors are involved in the control of HPV early 
gene expression but the mechanisms involved 
are not well understood. It has been demon- 
strated that E67E7 expression is dependent on 
expression of API, a cellular transcriptional 
control factor." Interestingly, upregulation of 
the expression of c-jun (a component of AP-1) 
has been demonstrated in association with low 
risk HPV infection of condylomas so this path- 
way may be common to both high and low risk 
HPV types. 36 

EXPERIMENTAL HPV INDUCED TRANSFORMATION 

HPV DNA, particularly the E6 and E7 genes, 
can immortalise primary cervical cells and 
human foreskin kcratinocytes in culture" u but 
transformation of normal cells generally re- 
quires cooperation between HPV and other 
oncogenic sequences, such as EJ-raj,* in keep- 
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ing with other factors being involved in this 
process in viva Transfection of normal kerati- 
nocytes with HPV sequences can prevent 
cellular differentiation resulting in induction of 
morphological changes similar to CLN in raft 
culture. 4041 Culture of naturally <>ccuxring 
lesions in a similar system leads to the produc- 
tion of morphological changes in vitro similar 
to those present in viva 43 

Fusion of HPV 18 containing HcLa cells 
with normal fibroblasts results in the repression 
of the malignant HeLa cell phenotype. 43 This 
system led to the localisation of a putative nor- 
mal cellular factor, localised to chromosome 
1 1, involved in the suppression of HPV E6/E7 
expression. This was termed cellular interfer- 
ing factor* 4 but, to date, it has not been 
precisely identified. There is, however, evi- 
dence that a tumour suppressor gene impor- 
tant in cervical neoplasia may be located on 
chromosome 1 1 (see below). 

Another approach to the study of HPV early 
genes involves the production of mice trans- 
genic for the E6/E7 genes of high risk HPVs, 
particularly HPV 16. By introducing these 
genes under the control of the keratin 14 . 
promoter, expression can be targeted to 
squamous epithelium and the effects of such 
expression analysed in vivo. 45 44 These mice 
develop hyperplastic and dysplastic squamous 
lesions but only pr o gf c ss to invasive malig- 
nancy when back crossed with certain strains, 
indicating that genetic background is impor- 
tant in the determination of susceptibility to 
invasive disease. This is in keeping with the 
effect of HLA genotype seen in human disease 
(see below). 

HPV AND CELL CYCLE CONTROL 

Recently, it has become increasingly clear that 
HPVs, like many other DNA viruses, achieve 
their replication by interference with normal 
cell cycle control mechanisms. Given that 
malignant transformation is also intimately 
related to these processes, it is likely that the 
oncogenic potential of papillomaviruses lies in 
their ability to alter cell cycle checkpoints, 
thereby leading to accumulation and transmis- 
sion of genetic abnormalities. The initial 
observation that the £6 and £7 oncoproteins 
bind to the p53 and pRB proteins respectively, 
both of which are involved in the regulation of 
growth control, demonstrated that the HPV 
genes possessed functions analogous to those 
already known for SV40 and adenovirus. 4 * - * 
Moreover, the £6 proteins of high risk HPVs, 
particularly HPV 16 and 18, bound more 
effectively to, and led to degradation of, the 
p53 protein via a ubiquitin mediated pathway, 10 
indicating a functional difference between high 
and low risk HPVs. Introduction of mutations 
into HPV 1 1 and 16 £6 proteins by exchanging 
the p53 binding domains altered the ability of 
these proteins to bind to and degrade p53" and 
confirmed these differences. In addition, the 
E6 proteins of naturally occurring variants of 
HPV 16 differ in their abilities to bind to and 
degrade p53 protein," indicating that these 
differences are determined by relatively small 
sequence variations. 
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p53 appears to protect the physical integrity 
of the genome by regulating the Gl ceil cyde 
"checkpoint* preventing entry into S phase of 
cells containing DMA strand break damage, 
thus allowing DNA repair or apoptosis and 
avoiding replication of a damaged template." 
DNA damage causes an increase in wild type 
p53 which activates expression of the WAF 1 
gene whose protein product, p21 WAF, binds 
and inhibits cydin/cyclin dependent kinase 
(CDK) activity, in particular CDK 2." The 
inhibition of CDK 2 activity alters the 
phosphorylation state of the retinoblastoma 
gene product (pRB). Under normal cydin/ 
CDK control the RB protein is in the 
underphosphorylated form in <?1 phase and 
becomes highly phosphorylated through the S 
and G2 phases. The underphosphorylated 
pRB readDy complexes with the transcription 
factor E2F, but the phosphorylated form does 
not, allowing free E2F to activate transcription 
of a range of genes whose products are essential 
for cell cycle progression. 54 Therefore, tempo- 
rary inhibition of the CDK 2 indirectly by p53 
conserves the underphosphorylated pRB/E2F 
complex halting transcriptional activation and 
allowing DNA repair before entering the S 
phase. Cells expressing HPV 16/18 E6 and E7 
lack this Gl cell cycle checkpoint. The 
resulting failure of the normal control system 
may ultimately contribute to the accumulation 
of genetic alterations required for tumour 
development and/or progression and lead to 
DNA instability which may facilitate integra- 
tion of viral DNA into host chromosomes and 
further malignant progression. 

Much of the control of the cell cycle is medi- 
ated by the cydin proteins which regulate the 
activity of GDKs. Cydin control immediately 
before and during S phase is mediated by cyc- 
1ms E and A and the overcxpression of these 
cydins in association with HPV infection 
suggests that the virus can "take over" certain 
host cell cycle control mechanisms to facilitate 
viral, rather than cellular, DNA replication." 
The cell is then held in a prolonged replication 
phase until degradation of the increased cydin 
is completed. Cydin D is responsible for cells 
passing through Gl phase and complexes and 
inactivates Rb protein in a similar fashion to 
HPV E7. Intuitively, therefore, E7 could 
circumvent cellular requirements for cydin D 
expression: this appears to be the case in cervi- 
cal neoplasia. 14 

AH of the cell cycle events are intimately 
related to viral early gene expression and 
upregulation of E6 and E7, by whatever mech- 
anism, is likely to lead to such cells having a 
growth advantage over their neighbours. All 
HPV infected cells, regardless of HPV type, 
undergo proliferation whether uncontrolled or 
self limited. However, HPV 1 6/1 8 infected cells 
lack Gl checkpoints" favouring viral integra- 
tion and inducing genetic instability. This 
mechanism remains intact with HPV 6/11 in 
which the virus remains in the episomal form, 
in part due to the differences in interaction 
between p53 and the E6 proteins of HPV 1 6/18 
and HPV 671 1." The inability to integrate and 
an intact Gl checkpoint, with overexpression 



of cyclin/CDKs, could account for HPV 6/11 
infected lesions proliferating while remaining 
benign. 

In addition to affecting early cell cyde 
control, HPV 1 6718 infection is associated with 
the presence of abnormal mitotic figures 
suggesting disruption of mitotic events." Be- 
fore M phase, cydin B/p34 ede 2 complex 
together forming mitosis promoting factor 
(MPF).* In the normal cell cyde, p34 ede 2 
(CDK 1) is at a constant level throughout, its 
activity being controlled by the altering levels 
of the complexing cydin B and by phosphor- 
ylation. Dcphosphorylation of MPF causes an 
increase in associated histone 1 kinase activity 
and initiation of mitosis,* 0 Cydin A also 
complexes with p34 ede 2 and is required for 
the onset of mitosis, 41 Exit from mitosis is 
attributed to cydin B degradation." Increased 
expression and altered activity of these proteins 
by HPV* 0 could contribute to mitotic defects 
and chromosomal aberrations. Indeed, overex- 
pression of the HPV 16 £6 and E7 genes in the 
presence of mitotic spindle inhibitors has been 
shown to induce genome wide DNA rereplica- 
tion without intervening mitosis.*' Similarly, 
overexpression of the E2 gene alone leads to S 
phase arrest and reduplication of keratinocyte 
DNA content** 

Thus, HPV genes are capable of interfering 
with both Gl/S and G2/M cell cycle check- 
points. Abrogation of the former may lead to 
accumulation of small scale genetic abnormali- 
ties while induction of abnormalities of mitotic 
control is more likely to lead to more gross 
genetic changes involving whole chromosomes 
(chromosomal instability). The differences 
between HPV types may well be reflected in 
their differing abilities to block these check- 
points in vivo. 

Although the binding of high risk HPV E7 
proteins to pRb may be involved in immortali- 
sation and transformation owing to distur- 
bances in cell cyde control, HPV 16 E7 has 
been shown recently to be capable of binding 
directly to members of the API family of tran- 
scription factors.* 5 As 0) the API transcription 
factors play an important regulatory role in the 
differentiation of keratinocytes and (ii) the 
HPV life cyde is dosdy tied to cell differentia- 
tion, it was hypothesised that binding of Jun 
proteins by E7 may result in inhibition of the 
cell differentiation required for efficient virus 
replication. The E7 protein may therefore play 
an additional role in transformation which is 
independent of its ability to bind to pRb. 

Cofactors in the evolution of cervical 
neoplasia 

The epidemiological evidence that many HPV 
infections regress, and that progression of 
intraepithelial lesions is assodatcd with viral 
persistence, taken in conjunction with the in 
vitro data that HPV genes are capable of 
immortalisation of normal cells, but not their 
transformation (see above), indicate that sec- 
ondary changes are important in HPV assori- 
ated cervical carcinogenesis. These changes 
may occur as a direct consequence of HPV 
infection or indirectly through the action of 
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cofactors, cither innate or acquired. This is 
consistent with current multistage models of 
carcinogenesis! in which several genetic events 
are required to effect transformation. 

GENETIC CHANGES 

Genetic damage with consequent loss of 
tumour suppressor genes* or activation of 
cellular oncogenes, can lead to cellular immor- 
talisation and transformation. Such genetic 
changes may occur as a result of cell cycle 
checkpoint abnormalities induced by HPV 
gene expression, or may be related to environ- 
mental factors such as the formation of smok- 
ing related DNA adducts. However, loss or 
mutation of conventional oncogenes and tu- 
mour suppressor genes is uncommon in cervi- 
cal neoplasia.* ** 

Conventional cytogenetic studies have dem- 
onstrated non-random chromosome abnor- 
malities involving chromosomes 1 , 3, 5, 1 1, and 
17 in cenpcaJ carcinoma* 7 but relatively few 
studies have examined the correlation between 
HPV and chromosome abnormalities in cervi- 
cal cells and tissues. In a cell culture model 
involving transection of high risk HPV DMA, 
immortalisation was associated with clonal 
allele loss on chromosomes 3p, 1 Iq, 18q, and 
1 Op as assessed by microsatellite loss of hetero- 
zygosity (LOH).** Similarly, comparative ge- 
nomic hybridisation demonstrated abnormali- 
ties of chromosomes 3, 4, 10, and 11 in 
keratinocytcs stably transfected with HPV 1 6.** 
Numerical abnormalities of chromosomes 1 1, 
17, and X were identified in 88% of invasive 
squamous carcinomas of the cervix by inter- 
phase cytogenetics but there was no relation of 
these abnormalities to the type or morphologi- 
cal distribution of the HPV sequences 
present. 70 

Analysis of LjOH in naturally occurring 
tumours has demonstrated changes in almost 
all chromosome arms/ 1 but the most frequent 
abnormalities are present in similar chromo- 
somes to those involved in the in vitro 
studies.™ 0 Several studies have shown LOH 
on the short arm of chromosome 3 in cervical 
carcinoma, particularly in the 3p 13-2 1.1, 
3p21, and 3p21-22 regions.™ 3 Using com- 
parative genomic hybridisation, gain of chro- 
mosome 3q was identified in severe dysplasia/ 
CIS and was overrepresented in 90% of 
carcinomas, suggesting that gain of this region 
was important in progression from non- 
invasive lesions to invasive carcinoma. 11 In 
other studies, frequent LOH has been identi- 
fied on chromosome 1 7p," 74 " chromosome 
llq,"" chromosome 4,*° and chromosomes 
6p and 18q." Microsatellite instability, which is 
frequently associated with some tumour 
types — for example, colorectal carcinoma, does 
not appear to be common in cervical carci- 
noma, being identified in only 5.6% of tumours 
in one study.* 3 

There is increasing evidence that cellular 
immortalisation requires restoration of chro- 
mosome telomere length by activation of 
telomerase." Recently, it has been demon- 
strated that expression of the E6 protein of 
HPV 16 can induce telomerase activity but thai 
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this induction is not sufficient for keratinocyte 
immortalisation.* 4 The observation that donal 
allele loss on chromosomes 3p> 10p, Uq, and 
1 8q was accompanied by telomerase activation 
in keratinocytes unmortaliscd by HPV 
transection 4 * is in keeping with these findings. 
It is therefore not surprising that telomerase 
activity was identified in all of 10 cervical car- 
cinomas reported in a recent study. 43 

Although there is an emerging pattern of 
genetic changes in neoplastic cervical lesions, 
little is know of the mechanisms of induction of 
these abnormalities, or of the identity of the 
genes involved. The relation between produc- 
tive viral infection, viral gene expression, viral 
integration, keratinocyte differentiation, and 
DNA abnormalities is also poorly understood. 

SMOKING 

Epidemiological studies have shown an impor- 
tant correlation between cigarette smoking and 
the development of cervical cancer. A twofold 
increased risk of CIN and invasive disease has 
been demonstrated among smokers**; passive 
smoking has also been implicated* 1 and cessa- 
tion of cigarette smoking is associated with a . 
reduction in the size of CIN lesions by 
approximately 20%. M 

Toe actual mechanism by which smoking 
leads to an increased risk of cervical cancer is 
not fully understood but Langerhans' cell 
number is reduced in the cervical epithelium of 
smokers, 4 * 00 suggesting that abnormalities of 
local immune surveillance may be important. 
Alternatively, the constituents of smoke and 
their derivatives may interact directly with 
HPV. Nicotine and cotinine are frequently 
found at high levels in cervical mucus* 1 and can 
induce proliferation of HPV transformed 
cervical cells.* 1 Polycyclic aromatic hydrocar- 
bons such as benz(a]pyrene present in cigarette 
smoke have been shown to inhibit cell prolif- 
eration in both "normal" and HPV 16 immor- 
talised cervical cell lines, but with inhibition 
occurring at a 20-fold lower concentration in 
the normal cells,* 1 Moreover, as these com- 
pounds can form adduction products with 
DNA, they are potentially genotoxic. This 
effect may be important in vivo as DNA 
adduction products were found to be present in 
normal cervical epithelium at a higher level in 
smokers than in non-smokers.* 4 

OTHER INFECTIOUS AGENTS 

It has been suggested that more than one 
infectious agent may act in a synergistic 
manner in the development of cervical cancer 
but there is little evidence for the interaction of 
HPV and infectious agents other than herpes 
simplex vims (HSV)*' and HTV. Experimental . 
evidence has also shown that cells transformed 
by HPV 16/18 are capable of inducing tumours 
in mice only after transfection with HSV 2.** 
Moreover, women testing seropositive for HSV 
2 alone had a risk ratio of 1.2 for cervical can- 
cer, but those with HPV 16/1 8 in addition had 
a risk ratio of 8.8; in those with HPV 16718 
alone the risk ratio was 4.3." 

In HIV positive patients who are not immu- 
nocompetent there is an increased incidence of 
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HFV infection with associated epithelial cell 
abnormalities.** In addition, the HIV oil 1 pro- 
tein is capable of transactrvating HFV 16 
transcription.* 1 Thus, HIV infection may affect 
HFV associated neoplasia by both potentiation 
of the effects of HFV and by leading to immune 
deficits and defective viral dealing. 

Epstein-Ban virus, although demonstrated 
in invasive squamous carcinoma cells and asso- 
ciated lymphocytes, has cot at present been 
shown to interact with HPV directly. 100 

HORMONES 

The URRof HPV 16 contains a glucocorticoid 
regulatory element, which permits E2 inde- 
pendent early gene transcription. 101 Therefore, 
steroid hormones may enhance viral transcrip- 
tion, as shown with oestrogens and progesta- 
gens in cell lines. 1 " 103 A recent study has dem- 
onstrated that glucocorticoids downregulate 
HLA class I expression in HPV containing cer- 
vical carcinoma cell lines, but only if the viral 
genome is integrated into die cellular 
genome. 101 These studies demonstrate that 
hormonal factors may not only be important in 
the control of viral gene transcription but that 
they may also influence immune competence. 

IMMUNE STATUS 

Certain HLA genotypes are found more 
frequently in patients with cervical neoplasia 
than in the normal population,""" suggesting 
that susceptibility to cervical neoplasia may in 
part be determined by inherent genetic factors 
governing the immune response to HFV. 
PhenotypicaUy, downregulation of class I HLA 
antigens, which are important in the recogni- 
tion of viral antigens, is frequent in both prein- 
vasive and invasive disease. 1 m 1,0 Conversely, 
normal cervical epithelial cells do not express 
class II HLA antigens but such antigens are 
found on the surface of epithelial cells in cervi- 
cal neoplasia. 111 This upregulation is related to 
the morphological grade in preinvasive lesions 
and appears independent of the presence of 
HPV sequences. ,u The kerarinocyte phenotype 
in these lesions therefore resembles that of anti- 
gen presenting cells and suggests that they may 
be involved directly in immune surveillance. 

In renal transplant patients there is an 
increased prevalence of wart virus associated 
changes, CIN, and invasive squamous 
carcinomas.' 11 HIV positive patients also have 
an increased incidence of these changes which 
may be associated with both reduced systemic 
immune competence, as assessed by CD 4 cell 
count 1 ' 4 or with a local defect in immunity with 
reduced Langerhans cell number. 115 This is 
compounded by local shifts in immune surveil- 
lance related to alterations in Langerhans cell 
activity associated with HPV mediated epithe- 
lial cell injury. 

In view of the association of viral persistence 
with lesion progression, variation in the ability 
of different class II alleles to effect clearance of 
HPV could explain the association of some 
HLA class II genotypes with cervical neoplasia. 
Similarly, acquired immune defects may exert 
their effects through defective viral clearing and 
hence viral persistence. 



CYTOKINES AND GROWTH FACTORS 

In HPV immortalised cell lines E6 and £7 gene 
transcription can be inhibited by leukoregulm 
and interferon gamma, but not by interferon 
alfa, with associated reduction in ccO 
proliferation. 1 " HPV 16 and 18 E6 and E7 
production is also inhibited by transfo rming 
growth factor f* (TGF-p) in HPV transformed 
keratinocytes. 117 Conversely, HPV 16 E5 can 
interact with epidermal growth factor receptor 
(EGFR) in the process of cell 
transformation. 1 " E-cadherin transection 
leads to restoration of membrane E-cadherin/ 
catenin complex together with downregulation 
of EGFR and reversion of the transformed 
phenotype in HPV transfected cells."* These 
studies suggest that interaction of HPV with 
cell surface molecules may be important in the 
determination of cellular phenotype. 

HPV negative cervical rumours 
Sensitive, broad spectrum HPV detection 
methods have demonstrated HFV DNA se- 
quences in the vast majority of invasive cervical 
carcinomas, Whether truly HFV negative carci- 
nomas exist is currently a matter for debate as 
there are several reasons why tumours may 
falsely appear HFV negative. 110 However, the 
epidemiological finding that patients with HFV 
negative CIN have a different spectrum of risk 
factors suggests that at least intraepithelial 
disease may arise in the absence of HFV 
infection." 1 HFV negative cervical cell lines and 
tumours often contain p53 mutations which 
could theoretically substitute for the presence of 
the HPV E6 protein. 113 123 Although there is a 
substantial inverse correlation between p53 
mutation and HPV infection, it has become 
clear that they are not mutually exclusive in 
cervical carcinomas. Thus, p53 gene mutations 
have been identified in HPV positive 
tumours 124 m and, similarly, p53 mutations are 
not always present in apparently HPV negative * 
tumours. 116 This does not however entirely 
exclude the hypothesis that p53 mutation 
substitutes for E6 gene expression in HFV 
negative tumours as (i) p53 mutation may be 
acquired as a late event in HFV positive 
tumours 117 ; and pi) apparently HPV negative 
cervical tumours may be infected with either 
undetected or unknown HPV types. 110 

Cyclin D is responsible for cells passing 
through Gl phase and has been implicated in 
carcinomas when overexpressed. 121 PRAD 1 or 
bd 1 oncogene, which is on chromosome 1 lql3 
and is activated by translocation, is identical to 
cyclin D. A recent study has shown abnormali- 
ties of PRAD 1 (both amplification and 
rearrangement of DNA and overexpression of 
mRNA) in seven of 13 cervical and vulval 
squamous carcinoma derived cell lines. 1 ** The 
E7 protein has cycliri D-like activity and 
therefore overexpression of cyclin D could 
mimic, at least in pan, the effects of this protein. 

Mechanistically, therefore, other genetic 
abnormalities can substitute for HPV gene 
expression. This is consistent with the hypoth- 
esis that transformation of cervical epithelial 
cells, and hence carcinoma of the cervix, can 
occur by HPV independent pathways. 
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Glandular cervical tumours 
The association between glandular neoplasia of 
the cervix and HPV infection is less strong than 
that of squamous neoplasia." 0 131 There are 
methodological difficulties in the study of 
glandular lesions as, without microdissection 
techniques, it is not possible to exclude the 
possibility that any HPV sequences identified 
in extracted nucleic acids were present in the 
accompanying squamous epithelium rather 
than in the glandular lesion, m Nevertheless, 
HPV sequences have been localised directly 
within glandular epithelial cells by both DMA 
and RNA in situ hybridisation in several 
studies. ,M_m Moreover, HPV 18 is found 
significantly more frequently in glandular than 
in squamous lesions of the cervix, ,,, l * m indi- 
cating the involvement of a different spectrum 
of HPV types. Small cell carcinoma of the cer- 
vix is also associated with HPV 18 infection, 
suggesting that this HPV type may be involved 
particularly in non-squamous tumours. 1 " 
i 

Conclusions 

It has become clear that most cervical neopla- 
sia, whether intraepithelial or invasive, is attrib- 
utable in part to HPV infection. However, HPV 
infection alone is not sufficient,, and may, in a 
small proportion of cases, not be necessary for 
full malignant transformation. There is increas- 
ing evidence that HPV gene products interfere 
with cell cycle control leading to secondary 
accumulation of small scale and large scale 
genetic abnormalities. This may explain the 
association of viral persistence with lesion 
progression but, in many patients, secondary 
factors, such as smoking and immune response, 
are clearly important. However, the mecha- 
nisms involved in the interaction between HPV 
and host factors are poorly understood. 



1 Hcrrington CS. Human papillomaviruses and cervical neo- 

plasia. I: VtfoJogT, classification, pathology and epidemiol- 
ogy. J C^/W 19W;47; 1066-72, 

2 Hemngton CS. Human papillomaviruses and cervical neo- 
plasia, ri; Interaction with other factors. J Ch'n Paikal ] 995; 
48:1-6. 

3 Poster H, Fucfas PG. Papiflomaviruses: particle*, genome 

organisation and proteins. In: Synancn K» Gissnsann I* 
Rots LG, eds. miDonummus and hitman disease. Berlin: 
Springer- Yertag 1987:1-18. 

4 Herrington CS. Control of human papiDomsvirus 

replication: implications for squamous neoplasia. J Pathol 
1996;178:237-6. 
3 Thierry F. Proteins involved ia the control of HPV 
transcription. PapiOtmunnrvs Report 1993;4:27-32. 

6 Doorbar J, Eh* S, Sterling J, a cl Specific interaction 
between HPV-16 E1-E4 and cytokeratiiu results to 
collapse of the epithelial cell intermediate filament 
network. Nam 1991;352:824-7. 

7 Banks U Mstlaxhewsb G. Cell ttiiixfonriarjon and the HPV 

E5 gene. PapSkmtaviru* Rep 1993;4:1-4. 

8 Stoler MH, Rhodes Cft, Whitbecfc A, ct at Human papillo- 

mavirus type 16 and 18 gene expression in cervical neopla- 
sias. Hum Pathol 1 992,23:1 17-28. 

9 Jacobs MV, Srrijdcrs PJF, van den Bruk AJC, ttaLK general 

primer GP5+/GP6+ mediated PGR enzyme smnitmoassav 
method for rapid detection of M high-risk and 6 low-risk 
human papillomavirus genorypes in ccrvk&l scrapings. J 
ChnMicrvbiol 1997;35:791-3. 

10 Bauer HM, Greer CE, Manos MM. DeiertninarJon of 
genital human papillomavirus infection by consensus 
polymerase chain reaction amplification. In: Hcmngton 
CS, McGcc JO'D, eds. Diagnostic molecular pathology: a 
practical epproach. Vol 2. Oxford: Oxford University Press, 
1992:131-51. 

1 1 Coggin JR.jXut Hausen H. Workshop on papillomaviruses 
and human cancel. Cancer Fa 197939:5-15-6. 

12 Van Kanst MA,Tachc2y R, Dclius H, a oJ. Taxonomy of the 

human ppiUornaviruses. Papillomavirus Report 1993;4:61-5, 

1 3 Chan S-V, Delius H , Halpcrn AL, ti at. Analysis of genomic 
sequences or 95 papillomavirus typcsnjniiing typing 
phytogeny and tax o no m v. 7 Virot 1995;69:3074-83. 



14 Yamadj T, Manos MM, Pcto J, ex al Human papilkmkavmn 

type 16 sequence variation m cervical ca^ 
pcxtpecrJn.J Pirn? 1997;71:2463-72. 

15 StoppkrMQChmgK. Stopple H,*x«i Natural to 

the human paptfloaiaviius type 16E6frotcmdirlcr m d^tr 
abilities to after keratinocyic djgerearqpon and to mdoce 
p53 degrs<Unon_J Vhd 1996;70:6987-93. 

16 Los Alamos National Laboratory HPV arqisnsre ***tnimr_ 
Internet address: hnprf/tiiw wthliiilfiHY 

17 Lorincz AT f ResdR»JensoaABi«rat Himian papukmsavi- 
rus ixucctioa of the ccrrfac rclatrrc risk associations of 1) 
common anogenital types. Obsut Oynecot 1992^79:328- 

18 Am DC, Pcnx P t RobiuiDc 1 « oi Human papfflomavtrus 

testing in the dmfcsJ liberator* I: Squamous lesions of the 
cervix- JQymciSwg lW3p>.l-7. 

19 Bosch FX, Msnos MM, Manas N, a aL Prcraknce of 
human papillomavirus m cervical rirtrtr a worldwide 
perspective. J Natl Cancer Ina 1995*87:796-802, 

20 Ho GYF, Burk RTX Kkm S t ctal Persistent gcrmal human 
pspujomsvina injection as a risk factor for persistent 
cervical dysplasia. J Nad Conor Ina 1993;87:1365-71. 

21 Rranmink AJ, Walboomers J MM, Heirnerborst TJM, a al 
The presence of persistent high-risk HPV genorypes m 
dysplastk cervical lesions as ataonatrd with ixogi c aaiv e 
discase-^iaturai history up to 36 months, Inx 1 Cancer 
I995;61:306~ll. 

22 Park TW, Richart RM, Sun XW, ct aL Associaooa between 
human papfflornavirus type and donsl status of cervical 
squamoos mtnephbefia] kwom. J Nad Cancer Ina 
1996;88:355-8. 

23 Schneider A, Koutaky LA. Kstural history and epidemio- 
logical features of genital HPV infection. IARC Set Pubt 
!992;119-.23-52. 

24 Popescu NC, DiPaolo JA. Preferential sites for viral integra- 

tion on mammalian genome Conor Qtna Cywgtna 1989; 
42:157-71. 

25 Zunonpc DB, Popeaca ND, DiPsolo JA. Cbxomoaomal 

organtzaooo of vird mtegrarJon shxs in bumjn * 
papiOonuvii u» iaimortalized human kerannocyte ceO 
tinea. Cancer Genet Cyeagata 1 994;72:39~43 

26 Choo KB, Pan CC, Han SH. lmes?BTioo of human papillo- 
mavirus type 16 into cdhilar DKA of cervical carcincrm: 
prcfcixnnaJ dektion of the E2 gene and invariable 
retention of the long control region and the E6/E7 open 
reading iraxnes, VhvSagy 1987;lt 1:259-6). 

27 Romanmik H, Howlcy PM. Disruption of either the El or 

the E2 regulatory gene of human papiuorravirus type 16 
increases viral bninortalizatioo capacity. Proc Nad Acad Sa 
USA 1992;»9-3139-63. i 

28 Frattmi MG, Um HB> Lairnms LA. In vitro synthesis of 
oncogenic human papfflotna viiMe i requires episomal 
genomes for diffcierstsaajo-Kiepcndcnt bte cs^preukxi. Proc 
Nat! Acad Sa USA 1 996^3 -3062-7. 

29 Kcsats TD, ConnoOy DC, Hedrkk Uaal Expression of 

HPV 16 E6 or E7 increase mtcgrstion of foreign DMA. 
Oncogen* 1996;16:427-31. 

30 Jeon S, Lambert PF. Integjation of human papsTjofnariras 

type 16 DNA into the human genome leads to increased 
stability of E6 and E7 mRNAst tmpacaoons for crrvical 
imnogaxe^Pnx Ned Acad Sa USA 1995^2:1654^8. 

31 Berumcn J, Casas L» Segura E. a dL Genome an^plmcation 

of human papfllornvvirui types 1 6 and 18 in cervical carci- 
nomas b related to mention of the E1/E2 genes. Ins J Can* 
cer 1994^6:640-5. 

32 Bcrumen J, UngcrE, Casas L,<toZ AmpHficotion of human 

papillomavirus types 16 and 18 m cervical cancer. Hum 
ftukcl 1995^6:676-81. 

33 Von Knebel-Docbcria M, RsttrouQer C, Aengcneyadt F, a 

al Reversible upa e ssiuu of pspulornavirus oncogene 
expression in ccrvKnl carcinoma ceUV--<oruequences for 
the phcnoiypc and E6-pS3 and E7-pRB mtcractioas. J 
Firo/1994;6*:281 1-21. 

34 Crook T, Morgcnstcm J, Crawford L, ct aL Continued 

expression of HPV 16 E7 protein is required for mainte- 
nance of the transformed phenotype of cells transformed 
by HPV16 plus l^J-raa. UMBO 3 1989^:513-9. 

35 Kyo S, Khimpp DJ, Inoue M.,aaL Expression of API dur- 

ing cellular d^erennaoon dctcxtnines human papilloma' 
virus E6/E7 cxpressioo m stratified epithelial cells. J Gen 
Viml 1997;78:401-1 1. 

36 Yang YF.Tsao YP, Yin CS, a al Ovexexprcssion of the pto- 

tooacogene ojun m association with low risk type-crj«cmc 
human pspUk>mavirus infection in condyloma acuminata. 
J Me* Wnrf 1996;48:302-7, 

37 Knur P, McDougall JK, Cone RC Inurmalisadon of 

primary human epuhchsJ ecus by ckmcd cervical carci- 
noma DNA containing human papillomavirus type 16 
E6VE7 open readiruj frames. Vtnl 1989;70:1261-6. 

38 Hawley-Nelson P, Vousdeo KH, Hubben M^aal. HPV 16 

E6 and E7 proteins cooperate to immortalise human fore- 
skin kcrsunocTtes. EMBOJ 1989^:3905-10. 

39 Mailaihcwski G, Osbom K, Banks Utt al. Transformation 

of primary human fibroblast cells with human papilloma- 
virus type 1 6 DNA and Ej-rtu. Im J Cancer 1 988;42:232-8. 

40 McCance DJ, Kopan R, Fuchs E» «i at. Human papilloma- 
virus type 16 alters human epithelial cell differentiation in 
vino. Pnc Natl Acad Sa USA 1988^5:7168-73. 

4 1 Radcr JS, Gohib TR, Hudson JB, ct at. In vitro differentia- 

tion of epithelial cells from cervical neoplasias resembles in 
vivo lesions. Oncogene 1990;5:571-6. 

42 Meyers C, Fratnni MG, Hudson JB, «t at. Biosynthesis of 

human papillomavirus from a continuous cell line upon 
epithelial differentiation. Science 1992;257:971-3. 



108 



43 Bosch FX. Scfawmn E, Boukamp V,aaL SuppresMoinvivo 

of human ptptDocuvino type 18 E6-E7 gene f i juru i on iD 
DOormnongoic HcLa k fibroblast hybrid ecus, y Vavt 
1990*4:4743-54. 

44 Zur Hansen H. Intncdhilar surveillance of puaiuutg thai 

inf ect io n s : human genital ca nce l ruuhi from deficient cd~ 
hihr control of pi pi DooMvinu gene expression. Lamar 
1986*fc489~91. 

45 Arbeit JM, Muom K, Howky PM, at U Ttv&uu*, 

iquixDom epithelial neoplasia so KJ4-humsn ptptDoDa- 
vmss type 16 transgenic mice T VbxJ 1994;tS:4356-68. 

46 Coussem LM. Hanahaa D, Arbeit JM. Generic p i ec Uspoii - 

ooo ind parameters of malignant progiession in K14- 
KPV16 transgenic mice. Am J Pathol 1 996;! 49; 1899-9 17. 

47 Dyson N, Howley P, Mungcx K, a at The biimin 
paptnotnt*irut>l6 B7 oncoprotein b able to bind to the 
retinoblastoma gene product Sdatct 1989;243:934-7. 

, Lrvinc AJ, Howky PM. Association of human 



73 Jones 



MR Kol S| Fupaxrto I, a aL Allclorypc of 
a by anaryth of RFLP 



18 E6 



p53. 



48 WernessBA.1 

papiQonuvinia types 16 i 
Same* 1990^48:76-9. 

49 Tornmatmo M, Crawford L- Human papOlomaviros E6 and 

E7: proteins which deregulate (he ccD cycle. Biatnayt 
1995;17:509-18. 

50 Hubbert NL, Sedman SA, SdnDer JT. Human papulooia- 
virus type 16 E6 incre a s es the degradation rate of p53 in 
human tantiuocyte*. J Vinl 1992;66:6237-41. 

51 Slebos RJC Koris TD, Chen AW, a at Functional conse- 
quences of directed muarJons m human papulomaTirua E6 
protein* — abrogation of p53 mediated ccb-cyde arrest cor- 
relates with p53 binding and degradation m vitro. Vhxiary 
1995;20S:1 11-20. 

52 Hafl PA, Lane DP. Genetics of growth arrest and ccD death: 
key determinants of tissue homeostasis. Eta J Cam 1994; 
13:2001-12. 

53 Goa C, Wagner P, Issinger OG, tt al p21 WAF 1/CIP 1 

interacts with protein kinase CK 2. Onagtnt ] 99 6; 13391- 

54 Cordon-Caxdo C Mutation of cefl cycle regulators: biologi- 

cal and cfiniral xnmlkxDoos for human neoplasia. Am J 
FuXoI 1995; 147^45-60. 

55 Zcrfass K, Schnlte A, Spnkovsky p, <f at Sequential activa- 

tion of eyefin E and cy clin A gene expression by human 
papuTot naviru s type 16 E7 through MvpKncn necessary for 
transfonnabocuj Vbvl 1995;69:6389-99. 

56 Nichols GE, WDnams ME, Gaftey MJ, cs at Cycfin Dl 

rrpTrtrion in human cervical neoplasia. Mad Pathol 
1996^:418-25. 

57 Xioog Y, Kiropurwamy D> U Y, «r at Alteration of ccD cydc 

kinase complexes in human papillomavirus £6 and E7 
expressing fibroblasts prec e des neoplastic transformation. 
7 Virol 1996;7fc999-1008. 

58 Wmklcr B, Crum CP, Fuj5 T,aaL Koflocytic lesions of the 

cervix. The relationship of mitotic abnonxuthacs to the 
presence papuJonumrui antigens and nuclear DNA 
content. Cancer 1984;53:1081-7. 

59 Grans X, Reddy EP. Cell cycle control in "'"""'i'n ceOs: 
role of cycttns, cycfin dependent kinases (CDKs), growth 
suppressor genes and cycKn-dcpcndcnt kinase inhibitors 
<CKb> Omcogcm 199501^11-19. 

60 S rrinm a nn KB, Pei XF, Stoppler H, tt at Elevated 
eaprrition and acthriry of mitotic regulatory proteins in 
human papilloma v ii u»-oiimortahxcd keratmocytes. Onco- 
awl994,-9-387-94. 

61 Pagano M, Prpperkok R, Verde P, tt at Cyclin A is required 
at two pomtB in the human cell cycle. EMBO J 
1992;11:961-71. 

62 King KW, Jackson PK. Kirsdsner MW. Mhons in transition. 
Gefl 1994:79-563-71. 

63 di Leonardo A» Khan SH, Linke SP, at at DNA 

icrrpbcaoon in the presence of mhotk spindle inhibitors tn 
human and mouse fibroblasts lacking cither p53 or pRb 
function. Cancer Ra 1997^7:1013-9. 

64 Fratdtn MG, Hunt SD, Lhn HB, tt at Abrogation of a 

mitotic checkpoint by E2 proteins from oncogenic human 
r^piOomaviruscs correlates with increased turnover of the 
p53 tumour suppressor protein. EMBO J 1997;16:316-31. 

65 Andnore MJi Bhrer MJ, Paid D>«r at The human papiDo- 

rnavirus type 16 E7 gene product interacts with and trans- 
activates the API family of trmmcriptioo factors, EMBO J 
1996;15:1950-60. 

66 Busby-Eark R. Stcd CM, Bird CC Cervical carcinoma: 

low frequency of allele loss at foci implicated in other com- 
mon nsahgnancies. Br J Canctr 1993;67:71-5. 

67 Atkm NB. Cytogcnctio of carcinoma of the cervix uteri: a 

review. Cyufaui Cell Cam 1 997;9$:33-9. 

68 Stcenbcrgcn RDM. Wboorocrs JMM, Mcijer CJLM, tt al. 

Transition of human papilloma virus type 16 and 18 trans* 
fected human foreskin krnttinocytes towards immortality: 
activation of telomcrase and aDele losses at 3p, 10p» llq 
and/or I8q. Onatau 1996;13:1249-57. 

69 SoUnas-Tbldo A, Durst M, Lichter P. Specific chromosomal 

imbalances in papilloma virus-era nsfected cells during pro- 
gression toward immortality. Pkk Natl Acad Sd USA 1997; 
94:3854^9. 

70 Southern SA, Herrington CS. Inicrphase karyotypic arury- 

sis of dmnnosomcs ll> 17 and X in invasive souamous 
carcinoma of the cervix: morphological correlation with 
. HPV'mfection. Ins J Cattur 1997;70:502-7. 

71 Radcr JS, Kamarssova T» Huertncr PC, tt at AIlclo typing of 

all chromosomal arms in invasive cervical cancer. Oncotau 
1996;13:2737-41. 

72 Kohno T, Takayama H, Hamaguchi M, tt al. Deletion map- 
ping of chromosome 3p in human uterine cervical cancer. 
Omcfctu 1993^:1825-32. 



poryiisorph rsmss xrccjuent loss c 
some arms 3p, 9q, lOq, and 17n 
Cancer 1994^:119-33. 

74 ttarben F, Rafabtns PH, Sundrcaan V, a at PCR41FLP 
snxfies on ehionjosumc 3p in rccrnaldelrycW-frzxd, 
parsJm>-embedded cervical cancer tissues, ha J Caxtr 
1 994^8:787-92. 

75 MuDoa^udor' MR. Kholnlilov HG. Atkzn NB, tt eL 
Genomic alterations co. cervical caiu&oma: Iftstts of 
chromosome hetetcovgosiry and human papilloma virus 
tumor status. Cam Ba 1996^6:197-205. 

76 Kadbling M, But RD, Atkm NB, e at Lots of 
beta or ygos i ry on chrc^nosomt 17p and mutant p53 b 
HPV-aessmve cervical carcjoomas. Lances 1992,340:140- . 

77 Park SY, Kang YS»KimBG, tt aL Loss of hetcrosygutuy on 

die short arm ef chron^osome 17 m uterine cervical card- 
nomas, Cam Gtna Cmma l995;79:74-e, 

78 B>thwaiteP > ]GoremI,HerrAgtra 

aygosiry occurs at the D11S29 locus on chromosome 
11023 m mvasm cervical cancer, fir J Cam 1995;71: 

79 Hampton GM» Penny LA, Bacrgen RN, tt at Loss of 
heteiarygfasity m cervical carcinoma: subchromosoma] 
locaHzarioo of a putative rumor-suppressor gene to 
enromosome 1 1 q22-q24. Prac Ncn* Acad Sa USA 1994£1: 
6953—7. 

80 Hampton' GM, Larson AA, Bacrgcn RN, a aL Simtutioe- 
ous assessment of loss of heterozygosity at multiple micro- 
satellite loci using semi-automated fluorescence-based 
detection: subrcgional mapping of chromosome 4 in 
cervical carcanoma. Prvc Nad Acad Set USA 1996^93: 
6704-9. 

81 HcschneyvlC^Scfcruckr^e^Ma 

nwsome 3q defines the traxismon from severe dyspbuia to 
invasive carcinoma of the uterine cervix. Prvc Nod A cad Set 
USA 199t<93^79-B4. 

82 Larson AA, Kern S, Sommers RL, tt al Analysis of replica- 

tion error (RER+) pbenotypes m cervical cardnoma. Can- 
. ctrBa 1996^6:1426-31. 
83>>Qm NW, PSarysxek MA, Prowse KB, tt aL Specific 
association of human telomcrase acthriry with hnmora) 
cells and cancer. &£encr 1994^66^011-4. 

84 KlmgelhutiAJ, Foster SA^McTKnigall JK.Tekm»ase acri- 

vatkm by the £6 gene product of human pap ffluinariius 
type 16. NatMn 1996^80:79-82. 

85 Andersoo S, Shera K, Iblc J, «r al. Tcksncrasc activation in 

cervical cancer. An Jfuxaaf 1997;1S105-31. 

86 Wigle DT, Mao Y, Grace M Re: Smoking and cancer of the 

uterine cexvsEhypcibcsts.i<m J Epidemiol 1980;111:125-7. 

87 wmkeJstcm W. and cervical cancer— current 

ttaruna mcw.AmJ Epidamal 1990;131:945-57. 
68 SxarcwsU A, Jam MJ* Sariexd P, at at Fffrct of smoking 
cessation on cervical lesson size. Lanut 1996;347:941-3. 

89 Morris HHB, Gatxcr KQSykes G,ttaL Langtxhans' ccDs 

m human cxxvkal cpiihcmnxi: effects of wan virus rnfection 
and mtraepitbcha] neoplasia. Br J Obatt Gynaecol 1 983^0: 
412-20. 

90 Moreui AE, Sanancs C, Di PG, a at Rs^tscASnip between 

types of 1,1 pspillornavtrm and Langernans* ceOs in 
cervical coocrjrlossa and mmmutclisl twocJa*ia.ito IChn 
Pathol 1993,-^9^00-6. 

91 SdxiflriianMH. Haley h&rVhw 

dcmiologyof cervical neoplasia: rneasuring ctgareoe smote 
coostituems m the arvht. Cancer Ra 1987;47:3886-8. 

92 vTaggoncr SE, Vhztg X. Eflect c^ nicotine on proliferation of 
normal, niahgoant, and hitman papQlomsvirus - 
trsnsformed buman cervical cells. Oytucol Oncct 1994^5: 
91-5. 

93 Slzemore N, Mukfatar H, Couch LH, tt al Differenoal 

response of normal and HPV inirncctalised ectocervical 
ephhehal cells to B[a]P. Camogama 1995;l6J413-8. 

94 Simons AM>Phuups DH, Coleman DV. Damage to DNA in 

cervical epitheKura related to sn^oking tobacco, BAfJ 1993; 
306:1444-8. 

95 Jones C Cervical cancer n herpes simplex virus type II a 

cofactor? dm Microbiol Bsv 1995^^49-56. 

96 Iwaiaka T, Yokoyama M,Hayashi Y, tt at Combined herpes 

simplex virus type 2 and buman paputomavirus type 16 or 
18 cJeoxirribcmuckic acid leads to rairogrnic trsjuforma- 
tiotLi*w JOkso Gyiwcl 1988;159:1251-5. 

97 Kildesbcim A, Maim V, Brinton L, <f at Herpes simplex 
virus type 2z a possible mteraction with human papilloma- 
virus types 16/18 in the development of invasive cervical 
cancer. ImJ Com l99l;49*.335-40. 

98 WilEamsAB l DarragbTM,VraruzanK a 

caj human paptDomxvirus Reason and risk of anal and ccr> 
vical cpftheha] abrwrrnaSties in human bTtmuriodenciency 
nros^nfected women. Ofancr Gynecol 1994^3:205-1 1. 

99 Vernon SD, Han CE, Reeves WC, a al The HIV-l tat pro- 

tein enhances E2-dcpcndcnt human papfflomavuus 16 
transcription. Vina Ba 1993^7:133-45. 

100 Landers RJ, O'Lesry JJ. Crowley M, tt al Epsiein-Barr 
virus in normal, prc-malignant, and malignant lesions of 
me uterine cervix. J Con Pathol 1993;46:931-5. 

101 Gloss B, Bernard HU, Seedorf K, tt al The upstream 
regulatory region of the human papilloma virus* 1 6 
contains an E2 protein-independent enhancer which is 
specific for cervical carcinoma ceils and regulated by 
glucocorticoid hormones. EMBO J 1987;6:3735-43. 

102 Mitraru-Rosenbaum S.Tsvicli R,Tur-Kaspa R. Oestrogen 
stimulates differential iniuxription of human papilloma- 



Molecular exxna in uitrmc cxrvkal 




virus type 16 to SO^ cervical carrinom* ccDs.T Got Vint 
1989;792227-32. 

* 103 MhtaJ R, Tsumnnl K, Pata r\a at Human papiDoms- 

viro* Ope 16 uxvcuiaa to cervical kesnttDOcytts: rate of 
progesterone ido grvacucm umd hormones. Ousts Gwiccof 
199M13-12. 

104 Bartholomew JS,GlerMneS,$aii»r S, © at Imegrstion of 
higb-rhk human pa pi l hM i nwuui DNA h baked to the 
down-ftguhaoo of data I human leukocyte antigens by 
steroid b onacmet fa cervical tumor odh. Cancer JEe? 1997; 
57*37-42. 

105 TOak R> Itanssca C rugb risk eT sauimora ecu 
caidnoma of the cervix lot women with HLA-DOw3. 
Man 1991;352:723-5. 

106 JocbmtB L. AtniUDD A. Tmm^t m response to 
papQlome viruses: prospects of an enti-HPV vac c in e . Ju/a7 
krnamr Repon 1 993(4: 1 47-31 . 

107 Apple RJ, Eiiich tiA, KHtxW, crat HLA DR-DQ assoeia- 
tioos with cervical carcinoma snow papiDomsviius-*t]fpc 
Bped&tity./toGcner 1 994;*: 157-62. 

108 Odunn K, Terry G, Ho L, cr at Association berween HLA 
DQB1*03 tad cervical mtnepithefia] neoplasia. Met Med 
1995;1:161-71. 

109 Connor ME, Stem P. Loss of MHC clast-I cxxtKssfao to 
cervical caiunomas. /m 7 Cancer 1990;46:1029-34. 

110 Duggan-Kcea M, Kcsang PJ, Crorame FV, a at 
• Ahcraoooa to major hntocrh i yaiBuhty complex cxprcssaoQ 

therapy. /^o^nT^^994^? CC> ^ ^"^^ 

111 Glow SS, Duggan-Keco M» Cabrera T, <x at HLA Class II 
anngca cxprcssioo fa bumaa papiDcnmvinii-<Tiociitnd 
cervical cancer. Cancer Jfe 1992^2:4009-16. 

1 12 <3cw SS/Coonar ME, Smjders PJ, a at HLA np i tiiinn 
to pic~iuvasm cervical neoplasia to relation to human pap* 
£Doma virus infection. Eur J Conor 1993;29A:1 965-70. 

1 IS Srhnririrr A, Kay S, Lee KM. Inmiunosufiprcsjkm as a 
. tug)) ink factor to the dewsopmeat of condyloma acundna* 
turn and squamous neoplasia of the cervix. Acta Qytol 
1983;27:220-4. 

114 Johnson JC, Burnett AF, WtDet GD, *s at High frequency 
of latent and diaical human paputaxurirus cervical mfec* 
Doat to axumiBoco mp romiscd .bumaa man u n odefidepjey 
virus-infected women. Obsxts Gynecol 1992;79:321-7. 

115 SphuDo A, Tend P, Zappatbrc R» <s at Langcxham' ccD 
counts and cervical mtraepiibchal neoplasia in women with 
human immunodeficiency ma anftcooo. Gytttcci Onmf 
1993;48:210-3. 

116 Woc<rworm CD^ Licfcn U, Simpson S,<r at I^eukareguhn 
and gamma interferon * r ^ , ^ wr bumaa pspiBonxivu us tjpt 
16 gene unosoipuuii to human papJDoauriins* 
iiiniMiir«ir»H Qumaa CM T ica l ocQa. Gmccr m 1992^2: 
456-63. 

117 Braxm L, Durst M, Mifcumo R, « at Regulation of growth 
and geac fTnj^ff^vf^r^ so human papiDoBnavinn^^Fsnsiofnicd 
keratmocyecs by tnasfofmang growth factof^cta: 
napUcadoas for the control of papaToasarinB tofecdoa. 
AiofOnaof 1992^:100-11. 

118 Lccchanacaai P, Baals L, Morcso P t tt at The E5 tene 
from payilaomavii'ui type 16 is aa oncogene which 
enhances growth factor-roc dialed pa ntduco on to 
die nuckua. Onatftw* 1992;7:19-25. 

119 WBdtog h Vousdcn KH, Soutter WW, * at E-ca dherin 
traasf ccdon dowa-iegulatcs the epidermal growth factor 
receptor and reverses cbc invvsm phenotype of human 
papulonumnn traasfected sxnonocytcs. Cancer As 1996; 
56^285^92. 



109 



120 w**bMXDmJMM,McfeqUtDnHTO 
aJ en duennas exist? f AsW 1 997;lll^53-4. 

121 BorgaMPM,HolktnnH t Ktb»TOl^ * 
togscx) rridcDOt of cervical BuiarjnnScKal ^oeopisxb winV 
out the picacDoe of human pfifffliiiiTiHrt Or 3 Canon* 
1996.73^)1-6. 

122 Ooc*TWrcdeU>fouidmm 

HPV negative bumaa ccnical laiuuoma cell Eoca> 
Onovow 1991^873^5. 

123 Crook T, wS^ fiTW^^ era t CaoaaJ p^ 

primary ccrrical canfei*. aitorisuon with btsaaa* 
papilkiiiijrifii^auadvt tmnovra. Lancet 1992339: 1070*3. 

124 Fapa M, Inone M, Ikabawa O, « at Ahcrmtions of the 
p53 gene to human primary cervical itiuuo8U with and 
wnhoot bumaa paptDonvivinii tofbnion. Cancer Ra 1992: 
5253ZV6. 

123 Paqncac RL, Lee YV, Wikc xymki SP, a at Mctadom of 
p53 aad human pepuloeuiviius tofecdoa to ccnical 
carcBoma. Caw 1993^2:1272-60. 

126 Hgu HYS, Ttao SW t Un SS. «x at Abnormal ciiumkm 
and mutation of p53 to ccrncal cancer a study at pvotam. 
RNA aad DNA level*. Gadumrv, Met 1997;73:54-8. 

127 Crook T.vbusden KH, Properties of p53 aunadoas 
detected b primary and secondary cervical canocri suggest 
mcchaaami c^ metastasis aad hi^pcxucniof etnfecottTJeo- 
tiJcKonogexu.£MBOr 1992^1^935-40. 

128 Hunter T, Pmca J. CycEna and cancer H: cycha D and 
CEKhuubhon coax of age Gcff 1994;79-J73-«2. 

129 KuniockR, Siz]laKnMS > lUpaxMAbnaanijum^ 
PRAD 1 (cydia Dl/SCL 1) oncogene arc freoucat to cer- 
vical and rubral squamous cefl lines. Cancer 1995:75^84- 
90. 

130 Shroycr KR. Human r*r ,:TV ' 0 '" >i n>i and cadocc i i l eal 
adenccOTttoma. Hwn Aanof 1993j24:119-2a 

131 Duggan MA, McGregor SB^ Beooct ]L» cf at The human 
papSkm^sTirus snttus of iuvaslvc cervica] adenncarcmoma: 
a chfiirTy s fl hctogxal and outcome analysis. Hwm Skahei 
1995^6319-25. 

132 Young FI, Wiard LM, Brown L7R. Abacncc of bumaa pap- * 
iDoniavuus to cervical adcnc<arcinoma o>termined by tn 
ciru brfand^tkev/an fusW 1991;44340-1. 

133 Tasc T, OkagakiX Qxrk BA, er at Human papilkmumnn 
types and l D C^Tfan on fa adcnocaxxmonsA and ndencaqu*- 
mous car cm oin a of the nxextoc cervix: ■ study by to ami 
bvbridbsanon. CawRa 1988^995-«. 

134 la^XOkagakiX CbrkBA»cf at Human p 

DNA to aoen ocajci Boxna to aha aad pxtexofavaxhc adeno* 
carcinoma of dat uxerinc cervix and cttcihiiag cervical 
aquamotn mtrsepitbdial iwvyfam Jm J Gymcei Jkxhd 
1989^8-17. 

135 Cooper K, Hentogtaa CS» Lo ES-I^ ct at Integration of 
human rapn T om B vi i u s types 16 aad 18 in cervical 
adesweaudanm*. 7 CKn Mel 1992*45382-4. 

136 Sarrufamnga H» Cox N, Vright RG. Human p^pinotnavi- 
rus DNA so glandular leaiocu of the uterine cervix. 7 CKn 
imM1993j44^718-21 

137 Higgms GIj^ rnuupa GB^ Sinhh LA, tt at High prevalence 
cf human papulflnsavirtta ttaascraots to aO gfHlfi of ccrvt- 

• cal curaepidiena] ghmrtnlar nmplatia Cancer 1992;70: 
136-46. 

138 Parker MF, Arroyo GP> Gcradts J, ct at Molecular charac- 
ipltatiuu of ax>eaocmcinciiia of me cervix. Qymcei Oncd 
1997^4:242-51. 

139'Abekr VM, Hol m R, Neslaad JM, a at SmaS cell 
carcmoma of the cat via. A ritokxrpairyftKfth* study of 26 
panenOL Omar 1994;73^72-7. 




